BACKGROUND: Racial disparities exist in many aspects of HIV/AIDS. Comorbid depression adds to the complexity of disease management. However, prior research does not clearly show an association between race and antiretroviral therapy (ART) adherence, or depression and adherence. It is also not known whether the co-existence of depression modifies any racial differences that may exist. OBJECTIVE: To examine racial differences in ART adherence and whether the presence of comorbid depression moderates these differences among Medicaid-enrolled HIV-infected patients. DESIGN: Retrospective cohort study. SETTING: Multi-state Medicaid database (Thomson Reuters MarketScan®). PARTICIPANTS: Data for 7,034 HIV-infected patients with at least two months of antiretroviral drug claims between 2003 and 2007 were assessed. MAIN MEASURES: Antiretroviral therapy adherence (90 % days covered) were measured for a 12-month period. The main independent variables of interest were race and depression. Other covariates included patient variables, clinical variables (comorbidity and disease severity), and therapy-related variables. KEY RESULTS: In this study sample, over 66 % of patients were of black race, and almost 50 % experienced depression during the study period. A significantly higher portion of non-black patients were able to achieve optimal adherence (≥90 %) compared to black patients (38.6 % vs. 28.7 %, p<0.001). In fact, black patients had nearly 30 % decreased odds of being optimally adherent to antiretroviral drugs compared to non-black patients (OR=0.70, 95 % CI: 0.63-0.78), and was unchanged regard less of whether the patient had depression. Antidepressant treatment nearly doubled the odds of optimal ART adherence among patients with depression (OR=1.92, 95 % CI: 1.12-3.29). CONCLUSIONS: Black race was significantly associated with worse ART adherence, which was not modified by the presence of depression. Under-diagnosis and under-treatment of depression may hinder ART adherence among HIV-infected patients of all races.
INTRODUCTION
A significant racial divide exists in many aspects of HIV infection. 1 African Americans have the highest rates of new HIV infection and AIDS cases, seven and nine times higher (respectively) when compared to whites. 2 They also have poorer access to care, 3, 4 lower rates of antiretroviral treatment receipt, 5, 6 and lower survival rates. 7, 8 Less clear is whether a link exists between race and ART adherence in HIV-infected patients. In a 2001 study by Kleeberger et al., 9 male HIV-infected patients were surveyed about their short-term (previous four-day) adherence to treatment, and it was found that a lower self-reported adherence rate (<100 % adherence) was associated with African-American race, lower income, and having no outpatient visits. Other studies have reported mixed results regarding the role of race/ethnicity and adherence to ART. [9] [10] [11] [12] [13] [14] [15] [16] Thus, the association between race and adherence has not been investigated consistently in a large, representative population of HIV-infected individuals.
Of further concern is the common co-existence of depression among HIV-infected patients. Whereas depression is approximately found in 17 % of the general population, some studies have found it to be 30 % and upwards of 57 % in HIV-infected individuals. [17] [18] [19] The presence of depression and other mental illnesses is considered a risk factor for poor quality of life and non-adherence 20 in several disease states. 21 Within the context of HIV/AIDS, depressive symptoms have been linked to poor overall viral suppression 22, 23 and decreases in CD4+ count. 24, 25 Though some studies suggest that depression may negatively impact ART adherence, [26] [27] [28] [29] [30] it is plausible that antidepressant treatment could improve ART adherence since it is generally well-tolerated and effective among HIV-infected patients. 31, 32 Finally, we note that the combined effects of race and depression on ART adherence have not been studied. The complexity of ART adherence represents a convergence of equally complex interactions. To inform and improve on treatment outcomes, we must try to disentangle these intricate adherence patterns. Thus, the purpose of this study was to examine the association between race and ART adherence, and whether any racial differences in adherence are further enhanced by the presence of depression. Subsequently, we also investigated the effect of antidepressant treatment receipt on ART adherence.
METHODS

Data Source
This study was carried out using the MarketScan® MultiState Medicaid Database from Thomson Reuters. This unique database is comprised of data from eight unidentified, geographically-dispersed states and represents approximately 8.1 million lives. Extracted data used in this study were from January1, 2003 to December 31, 2007.
Study Population
Patients who were at least 18 years old and had antiretroviral medication claims between January 1, 2003 to December 31, 2007 were included. Only patients who were continuously enrolled for 6 months before (pre-index period) and 12 months after (post-index period) the index date were included, where the index date was defined as the date of earliest antiretroviral drug claim following 6 months of continuous enrollment. Patients who were dually eligible for Medicare were excluded since their claims would not be fully captured. To establish accurate measurements of adherence, only patients who had two or more months of medication claims data were included. Additionally, women with a delivery diagnosis during the study period were also excluded because pregnancy may require short-term changes to ART regimen. 33 
STUDY VARIABLES
The MarketScan® Multi-State Medicaid Database codes their race/ethnicity field as "White", "Black", "Hispanic" or "Other". Race was then dichotomized as either "black" or "non-black" to examine the study objectives. Since the data source did not contain information on biological markers such as CD4+ count and viral load, disease severity was measured during the 6-month pre-index period based on the presence of at least one AIDS-defining clinical condition, as defined by the Centers for Disease Control and Prevention. 34 Comorbidity severity was estimated during the 6-month pre-index period using the Charlson-Deyo comorbidity index. 35 Patients with substance abuse during the 6-month pre-index period were identified when at least one of the following criteria was met: (1 Patients were also classified as fixed-dose users (reduced complexity of regimen) if they had at least one pharmacy claim for a fixed-dose combination antiretroviral drug (Combivir®, Epzicom®, Trizivir®, Truvada®, Atripla®, or Kaletra®) during the study period. As a proxy for access to care, the number of HIV-related outpatient visits during the 6-month pre-index period was summed and dichotomized (≥1 visit). A patient was identified as having depression if he/she had any diagnosis for depression or depressionrelated condition (ICD-9 codes 296.2x, 296.3x, 311, 301.12, 300.4, and 309.1) or a prescription claim for an antidepressant medication (including selective serotonin reuptake inhibitors, tricyclic and tetracyclic antidepressants, monoamine oxidase inhibitors, and serotonin-norepinephrine reuptake inhibitors).
Medication Adherence
ART adherence was examined over a 12-month observation period starting at the index date. All prescription fill events for antiretroviral medication were identified by matching against the list of NDC numbers for antiretroviral drugs. Medication adherence was measured by a method adapted from a number of studies by Turner et al. 36, 37 Essentially, the final medication adherence was measured by dividing number of adherent days by the post-index observation period (365 days) subtracted by the number of days hospitalized during that period.
Adherence of ≥90-95 % is generally considered necessary to achieve optimal virologic suppression. [38] [39] [40] [41] After adherence was calculated, only patients who had a ≥90 % adherence over the study period were considered to be optimally adherent.
Statistical Analysis. Differences in baseline characteristics between non-black and black races were determined using the p-values of t-tests and chi-square tests. Unadjusted and adjusted logistic regression was used to examine the association between ART adherence, race, and depression. Adjusted models included a number of possible confounders (age, gender, disease and comorbidity severity, evidence of substance abuse, complexity of regimen, access to care). To investigate whether any association between race and adherence differed given the presence of depression, the interaction term between the two variables was adjusted for in a separate model. We also performed an additional multiple logistic regression to predict odds of achieving ≥90 % adherence among patients with HIV-infection and comorbid depression based on receipt of antidepressant treatment. All statistical analyses were performed using Stata 9.2 (StataCorp LP, College Station, TX) with a priori significance level set at 0.05.
RESULTS
Data for 43,213 HIV-infected patients who were enrolled in Medicaid from 2003 to 2007 were assessed from the multistate administrative claims database. Out of these, 15,077 patients were excluded because they did not have any claims for antiretroviral drugs during the study time period. Another 15,895 were excluded because they were not able to meet the continuous enrollment criteria. We also excluded an additional 4,830 patients because they were dually eligible for Medicare. After excluding 377 women who had evidence of childbirth during the study period, the final study population comprised of 7,034 patients.
Of the 7,034 HIV-infected patients, over 66 % were black. The "non-black" race group consisted of 1318 whites, 75 Hispanic, and 994 patients in the "other" category. Table 1 provides the summary statistics for baseline variables by race. Patients in the black race group were slightly younger (41.1 vs. 41.7, p=0.0055), had a higher proportion of females (54.8 % vs. 43.4 %, p<0.001), more severe disease (16.1 % vs. 12.3 %, p<0.001), and were less experienced with antiretroviral use (60.1 % vs. 66.4 %, p< 0.001). The mean comorbidity severity for blacks was 0.82 vs. 1.06 for non-blacks (p<0.0001). A higher proportion of non-blacks showed evidence of depression compared to blacks (56.5 % vs. 41.7 %, p<0.001). A significantly lower proportion of black patients were able to achieve ≥90 % ART adherence (28.7 % vs. 38.6 %, p<0.001). This difference was also seen when medication adherence was considered as a continuous variable (62 % vs. 68 %, p<0.001).
Logistic regression was used to assess the association between race and ART adherence. The unadjusted and adjusted results from the logistic models are shown in Table 2 . In our sample of low-income HIV-infected patients, blacks were approximately 36 % less likely to be adherent to their antiretroviral medication compared to non-blacks. After adjusting for the effects of age, gender, disease severity, comorbidity severity, prior antiretroviral use, regimen complexity, substance abuse, and access to care, and evidence of depression, black race was still associated with 30 % less odds of achieving optimal adherence compared to non-black race (OR=0.70, 95 % CI:0.63-0.78).
Before adjusting for confounders, patients who showed evidence of depression were 15 % more likely to achieve optimal adherence compared to non-depressed patients. However, this increase in odds lessened and became only *Measured in the 6-month pre-study period marginally significant after adjusting for confounders (OR= 1.11, 95 % CI:1.00-1.24).
The association between race and adherence was not found to be moderated by the existence of depression, as the interaction term of race and depression was not statistically significant, and was thus not included in the final model.
The influence of antidepressant treatment and odds of ART adherence was specifically examined among the 3,286 patients that showed evidence of depression (Table 3) . We found that HIV-infected patients on antidepressant treatment were nearly twice as likely to be adherent to their antiretroviral medication compared to those who did not (OR=1.92, 95 % CI: 1.12-3.29).
DISCUSSION
The results of this study indicate that a significant racial disparity exists in HIV medication adherence. In our study population of 7034 patients, black race was significantly associated with decreased odds of ART adherence. Although almost 40 % of non-black patients achieved optimal adherence over a one-year period, less than 30 % of black patients were able to do so. In fact, black patients were consistently 30 % less likely to achieve optimal adherence compared to non-black patients, even after adjusting for a number of covariates. While previous smaller studies presented inconsistent results, [9] [10] [11] [12] [13] [14] [15] [16] our study indicates that a true racial disparity in antiretroviral medication adherence is likely to be present in the HIV-infected population. In part, these racial disparities may be attributed to findings that show black patients are more likely to postpone medical care, 6 have less access to care, 30 and less trust in healthcare providers than white patients. 42 Although this study found a high prevalence rate of depression among HIV-infected patients, our analysis did not find that comorbid depression moderated the association between race and adherence during the one-year study period. In other words, the presence of depression did not further enhance the already existing racial disparity between blacks and non-blacks with regards to ART adherence. However, this finding should be interpreted with caution since there is evidence that African Americans face a disparity in both diagnosis 43 and treatment of depression compared to whites. 44 Thus, while African Americans are generally reported to have lower rates of depression than whites, 45, 46 true prevalence may actually be higher. We also saw that patients categorized as having depression were slightly more adherent to their HIV medication than those who were not. Initially, this may seem contradictory since the presence of comorbid depression generally worsens outcome measures. However, it seems that the improvement in adherence may be attributed to the receipt of antidepressant medication. This is consistent with two previous studies. 19, 27 It is understandable that this may be due to the improved emotional and mental function provided by antidepressant treatments. It may also represent a proxy for the quality of the physician-patient relationship, i.e., patients with a better relationship with their physician are more likely to have their depressive symptoms recognized and treated for.
In our analysis, depressed patients who did not receive antidepressant medication not only had worse adherence than their medicated counterparts, but also had lower adherence compared to the non-depressed patients. This implies that depression does have the expected negative impact on ART adherence if left untreated. Conversely, if depression symptoms are treated for, a patient's adherence to ART; thus, overall disease management, may in fact improve despite the initial negative connotation that comes with being diagnosed with depression. For this reason, we believe that future studies on ART adherence should include not only depression as a covariate, but also additional details on the treatment of depression, since this can significantly influence the interpretation and implication of study results. Furthermore, these findings underscore the importance of mental health evaluation in the successful management of HIV infection. Healthcare providers must increase their vigilance for symptoms of depression in HIV-infected patients and offer appropriate treatment as this may not only effectively treat those symptoms, but also improve their ART adherence.
This study was subject to several limitations. Given the inherent limits of all administrative claims data studies, causality cannot be established. Additionally, medical conditions were identified using ICD-9 and NDC codes, which if recorded inaccurately, may lead to incorrect patient classification. Data such as laboratory values and clinical outcomes are unavailable in administrative claims data and could not be included in the analysis. Since prescription claims data were used to assess this adherence, it was not possible to verify whether a patient actually consumed the filled prescription. Thus, it was assumed that any prescription filled was also consumed. Administrative claims data is also prone to omitted variable bias since many personal, social, and physician factors (such as severity of depression, socioeconomic status, education level, stress, social support, and physician trust) could not be controlled for. In an attempt to address this bias, we used proxy variables in place of some covariates when possible. However, proxy variables are not true replacements and may be prone to covariate misidentification. To identify evidence of depression, both ICD-9 codes for depression and NDC codes for antidepressants were used. This method may improve depression detection, since it is generally under-diagnosed, 47 but could also overestimate the true number of patients with depression. Nevertheless, we used this method because a study using multi-state Medicaid claims found that compared to using either diagnostic code or prescription medication claims, the combination of both yielded much better overall performance in correctly classifying depression and other chronic illnesses. 48 Furthermore, we only classified a patient as having evidence of depression if he/she did not also have a diagnosis for anxiety disorder or other disorders that would be treated with antidepressants. Finally, since we examined HIV-infected individuals from multi-state Medicaid claims, study results may not be generalizable to other HIV-infected populations.
Despite these limitations, this study's large sample size allowed for robust quantitative analysis of the association between race, depression, and antiretroviral medication adherence. Our results demonstrate that black patients are at a disadvantage compared to other races when it comes to ART adherence, and that these racial differences persist independent of whether depression is also present. Disease management programs within Medicaid could be especially beneficial to disadvantaged groups by providing customized disease education and self-management strategies with sensitivity to cultural and socioeconomic differences. With clear evidence that adherence is crucial in the successful management of HIV infection and prevention of disease progression, continued improvement in our understanding of the factors associated with any racial disparity is of utmost importance. Prospective studies using clinical and qualitative assessments may provide further insight into the causes of the racial disparities seen in ART adherence, and shed light on possible solutions to successfully target vulnerable HIV-infected populations.
